Oxidative and nitrosative stress are known to exert various adverse effects on biological systems and this seems to be one of the major contributor of nephrotoxicity induced by cyclosporine A (CsA), which is a major clinical challenge, despite its potent immunosuppressive effect. Sulphated polysaccharides of marine origin are well known for its antioxidant properties, among its other biological applications. CsA administration (25 mg/kg body weight, orally, for 21 d) showed increased level of oxidants and xanthine oxidase activity. CsA induced nitrosative stress was evident from a marked elevation in the expression of inducible nitric oxide synthase mRNA in renal tissue and a concomitant increase in plasma nitric oxide level. Augmented levels of malondialdehyde, 8-hydroxy-2-deoxyguanosine and protein carbonyl coupled with diminished protein thiols; hallmarks of lipid peroxidation, DNA damage and protein oxidation were noted in CsA administered rats. Membrane damage was further confirmed by altered ATPase activities in the renal tissue. Simultaneous treatment with sulphated polysaccharides (5 mg/kg body weight, subcutaneously) remarkably prevented the above alterations mediated by oxidative and/or nitrosative stress during CsA induction. Hence, these findings conclude that the use of an antioxidant agent like sulphated polysaccharides could be a useful tool in reducing CsA-induced nephrotoxicity.
Marine algae have been consumed in Asia since ancient times as a potential source of proteins, dietary fibers, minerals and polysaccharides such as agar, alginate and fucoidan, which are found to have longer shelf life and easier to use in food formulations and pharmaceuticals. 1) Seaweeds have been found to be rich in vitamins, minerals, natural bioactive compounds and various functional polysaccharides. Therefore, it is beneficial to extract or isolate useful bioactive compounds from seaweeds, and recently, seaweeds or their extracts have been studied as potential natural antioxidants. 2) Brown algae are well known for their sulphated polysaccharides and Sargassum wightii is one such brown algae, found to exhibit higher antioxidant effect.
3) Sulphated polysaccharides, naturally occurring glycosaminoglycans are also reported to exhibit renoprotective effect against urolithiasis. 4) Moreover, sulphated polysaccharides like low molecular weight heparin was found to play a protective role against adriamycin-induced nitrosative stress. 5) When reactive oxygen species (ROS) generation overwhelms the antioxidant defense, the free radicals can interact with endogenous macromolecules and alter cellular function. Although many biological effects have been ascribed to various radicals, the insight starts to emerge that superoxide radical may also be an important mediator of cellular effects. Another radical of biological importance is the nitric oxide (NO) radical. When NO and superoxide are produced simultaneously, they react with each other to form the highly reactive peroxynitrite (ONOO Ϫ ), which leads to the onset of various damages. 6) Cyclosporine A (CsA) is the stronghold of many immunosuppressant protocols in the field of transplantation and in various autoimmune diseases. Despite its beneficial effects, it confers a significant risk of nephrotoxicity. 7) Although the exact molecular mechanism by which CsA causes nephrotoxicity is still a matter of debate, numerous studies suggest that CsA-induced nephrotoxicity may be the consequence of oxidative stress, i.e. oxidation and cross-linking of cellular thiols and membrane lipid peroxidation. 8) There is also a report suggesting that CsA-induced nephrotoxicity is associated with nitrosative stress, leading to the formation of reactive nitrogen species (RNS) such as peroxynitrite. 9) Moreover, it has been demonstrated that oxidative modification of DNA, proteins, lipid and small cellular molecules by ROS plays a major role in a wide range of common diseases and age-related degenerative conditions. 10) A growing body of animal and epidemiological studies as well as clinical intervention trials suggests that antioxidants may play a pivotal role in preventing/slowing down the progression of various diseases. 11) There are also reports showing that sulphated polysaccharides from Scytosiphon lomentaria exhibits profound antioxidant activity. 12) Hence, all these observations suggest that it would be reasonable to evaluate the effect of sulphated polysaccharides from Sargassum wightii against CsA-induced renal injury mediated by oxidative and nitrosative assaults.
MATERIALS AND METHODS

Animal and Experimental Model
Experimental animals were handled according to the guidelines of University and Institutional legislation, regulated by the Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA), Ministry of Social Justice and Empowerment, Government of India. Adult male albino rats of Wistar strain (180Ϯ20 g) were purchased from Tamil Nadu Veterinary and Animal Sciences University, Chennai. The animals were housed in a temperature-and light-controlled environment and given food and water ad libitum.
CsA was purchased from Sandoz Ltd., Basel, Switzerland. All other chemicals and solvents used were of analytical grade. Sulphated polysaccharides were extracted from Sar-gassum wightii according to the method of Vieira et al. 13) and administered to rats as described in our previous report. 14) The animals were divided into four groups with six rats in each as follows. Two groups (Groups II and IV) were randomly assigned to receive CsA (25 mg/kg body weight) by oral gavage for 21 d, in which group IV was also treated simultaneously with sulphated polysaccharides (5 mg/kg body weight, subcutaneously) for the same period. Olive oil treated vehicle control (Group I) and sulphated polysaccharides alone treated drug control (Group III) were also run simultaneously for 21 d.
At the end of the experimental period, rats were killed by decapitation and blood was collected. Kidney tissues were excised and a 10% homogenate was prepared in 0.01 M Tris-HCl buffer (pH 7.4) for the biochemical assays. A portion of freshly excised kidney tissue was also set aside for DNA and RNA isolation.
Evaluation of Oxidative Stress Xanthine oxidase activity was assayed by the method of Fried and Fried.
15) Generation of oxidants was determined by using a fluorescent probe, 2Ј,7Ј-dichloro-dihydrofluroscein diacetate (DCFH-DA), according to the method of LeBel et al. 16 
17)
Assessment of iNOS Gene Expression by Reverse Transcription-Polymerase Chain Reaction (RT-PCR) Initially, total RNA was isolated from kidney tissue using One step RNA isolation kit (Trizol, Medox Biotech Pvt. Ltd., India). One step RT-PCR was performed in a total volume of 50 ml according to the manufacturer's instructions (Qiagen one step RT-PCR kit, Germany). Reverse transcription was performed at 50°C for 60 min followed by PCR amplification in an eppendorf master cycler thermocycles. The amplification was operated for initial denaturation step at 94°C for 15 min; then 39 cycles at the following conditions: 94°C for 15 s (denaturation), 60°C for 30 s (annealing) and 72°C for 30 s (extension) and further extension at 72°C for 5 min. The following primer pairs were used; Sense 5Ј-TCTGT-GCCTTTGCTCATGAC-3Ј; anti-sense 5Ј-CATGGTGAA-CACGTTCTTGG-3Ј. The expected product size of iNOS was 305 bp. To compare the amount of steady state mRNA, 5 ml of each PCR product was resolved onto 2% agarose gels using Tris-borate-EDTA buffer. Rat ribosomal protein 19 (RPL19) was used as an internal standard.
Estimation of Plasma Total Nitrate-Nitrite Total nitrate and nitrite concentration was determined to estimate the concentration of NO in the sample (R&D Systems, Minneapolis, U.S.A.). This method is based on the fact that nitrate reductase catalyzes the enzymatic conversion of nitrate to nitrite and determines total NO. A two-step diazotization reaction occurs during Griess reaction, wherein acidified nitrite produces a nitrosating agent, which reacts with sulphanilic acid to produce the diazonium ion. It is then coupled with N- (1-naphthyl) ethylenediamine to form the chromophoric azo-derivative and the intensity of which absorbs at 540-570 nm.
Assessment of Lipid Peroxidation, 8-Hydroxy-2-Deoxyguanosine (8-OHdG), Protein Carbonyl and Protein
Thiols Lipid peroxidation in the plasma was determined by the method of Hogberg et al. 18) Malondialdehyde (MDA), formed as an end product of the peroxidation of lipids, served as an index of the intensity of oxidative stress. MDA reacts with thiobarbituric acid to generate a coloured product which absorbs at 532 nm.
8-OHdG was quantified by high performance liquid chromatography (HPLC) using the standardized procedure. 19) Initially, the nuclear DNA was isolated from the kidney by the method of Gross-Bellard et al. 20) DNA thus isolated was dissolved in 20 mM acetate buffer (pH 5.0) and digested to deoxynucleosides with nuclease P 1 and with alkaline phosphatase at 37°C for 1 h in 0.1 M Tris-HCl buffer (pH 7.5). This was then followed by the injection of the deoxynucleosides onto a C 18 column equipped with both UV and electrochemical detectors. The level of 8-OHdG was determined based on the peak height of authentic 8-OHdG with electrochemical detector and the UV absorbance at 254 nm.
Protein carbonyl content in the tissue homogenate was determined by the method based on the reaction of carbonyl groups with 2,4-dinitrophenylhydrazine (DNPH) to form 2,4-dinitrophenylhydrazone.
21) The method of Sedlak and Lindsay 22) was followed for the estimation of total and nonprotein thiols.
Appraisal of Renal Membrane Integrity Na 23) The method of Hjerten and Pan 24) and Ohnishi et al. 25) was followed for the assay of Ca Data Analysis The results are expressed as meanϮstan-dard deviation (S.D.) for six animals in each group. Differences between groups were assessed by one way analysis of variance (ANOVA) using the SPSS software package for Windows. Post hoc testing was performed for inter-group comparisons using the least significance difference (LSD) test; significance at p values Ͻ0.001, Ͻ0.01, Ͻ0.05 have been given respective symbols in the tables and figures.
RESULTS
CsA administration results in the overproduction of ROS and RNS. These enhanced free radicals interact with valuable substrates such as protein thiol groups, DNA bases and polyunsaturated fatty acids (PUFA). Oxidative damage to these macromolecules can in turn lead to enzyme inactivation, mutation, membrane disruption, mitochondrial dysfunction and cell death. This section highlights the build up of oxidative and nitrosative stress during CsA treatment, and sulphated polysaccharides being a natural antioxidant were tested for their cytoprotective role against such oxidative renal damage induced by CsA. Figures 1 and 2 reveal a marked increase in the activity of xanthine oxidase and oxidants level by 1.65 and 1.70-fold in CsA given group II animals. Concomitant administration of sulphated polysaccharides significantly restored the oxidants level and enzyme activity near to control value. Figure 3 represents the mRNA levels of iNOS in control and experimental groups. A single transcript (305 bp) was observed in all the groups. RT-PCR analysis showed a significant (pϽ0.001) increase in the iNOS mRNA expression in CsA induced rats, while the expression pattern of iNOS mRNA in sulphated polysaccharides treated (Group IV) animals was decreased when compared to group II animals (Fig. 3a) . Figure 3b shows the ratio of relative densitometric intensity levels of iNOS mRNA expression compared with RPL-19 mRNA. Figure 4 represents the level of plasma nitrate-nitrite in the control and experimental groups. CsA induced rats showed about 44.75% increase in NO level compared to the control groups. Sulphated polysaccharides treatment prevented the abnormal increase in NO level to a lesser extent. Table 1 highlights the augmented (pϽ0.001) levels of plasma lipid peroxidation and renal 8-OHdG and protein carbonyls along with an apparent decline in the level of protein thiols. Treatment with sulphated polysaccharides significantly ameliorated the changes exerted by CsA on lipid, DNA and proteins. Table 2 indicates the effect of sulphated polysaccharides and CsA on the activity of ATPases. A significant decline in the activities of Na 
DISCUSSION
Reactive oxygen and nitrogen species are known to play a central role in the maintenance of vascular homeostasis and injury. In the present study, CsA induced rats showed higher activity of xanthine oxidase, thereby showing increased superoxide radical generation. It has been reported that CsA induces renal ischemia, which leads to impaired tissue perfusion resulting in rapid breakdown of tissue ATP and a rise in its degradation products adenosine, inosine and hypoxanthine. The enzymic conversion of hypoxanthine to xanthine by xanthine oxidase in turn was found to generate superoxide radical. 27) Increased oxidants production was further evident from DCFH oxidation. The oxidation of DCFH to the fluorescent compound DCF was thought to be a relatively specific indicator of oxidants formation. Sulphated polysaccharides co-administration minimized the oxidants production by counteracting the free radicals, especially the superoxide production, via reducing the activity of xanthine oxidase and by improving the antioxidant status. This is in consonance with our previous report, 14) wherein sulphated polysaccharides were found to boost up the status of both enzymic and non-enzymic antioxidants. Further, there is evidence showing that the water extracts of the brown algae, Scytosiphon lomentarius exhibited a strong superoxide scavenging activity, suggesting that the extract showed a considerable decline in toxicity by scavenging not only superoxides, but also hydroxyl radicals, thereby proving its antioxidant activity. 12) Moreover, Park et al. 28) have documented that the extract from Sargassum species exert potent free radical scavenging activity, thereby emphasizing its antioxidant potential.
It has been documented that only trace amounts of ROS are available to scavenge NO produced by the constitutive neuronal and endothelial nitric oxide synthase (nNOS and eNOS) isoforms, thus indicating that direct NO chemistry will dictate functional cell response. 29) But, by contrast large amounts of NO produced by iNOS is often accompanied by a large production of ONOO Ϫ , which is formed by the reaction of NO with superoxide radical, 30) which although limiting the bioavailability of NO, has been proposed to mediate many of the cytotoxic effects to cellular thiols, lipids, proteins and DNA. 31) Buffoli et al. 32) reported that CsA treatment was associated with oxidative stress and increased iNOS and nuclear factor-kappa B activation. Also, it has been documented that induction of iNOS by CsA has largely contributed to the apoptosis by CsA in renal cell lines. 33) Enormous evidences have suggested that endothelial dysfunction coincides with an enhanced iNOS expression 34) and oxidative stress. 35) Our study corroborates with the above report, showing an enhanced iNOS mRNA expression in the CsA administered group II animals. This is further apparent from the elevated NO level in the plasma of CsA induced rats, indicating that CsA induces profound nitrosative stress. Sulphated polysaccharides treatment showed a significant beneficial effect against nitrosative stress by downregulating the iNOS m-RNA expression. Moreover, it directly inhibited the peroxynitrite formation by scavenging superoxide radical and thereby making less availability of superoxides to combine with NO to form ONOO Ϫ . Earlier reports from our laboratory also confirms the present observation, wherein low molecular weight heparin, a glycosaminoglycan was found to prevent the nitrosative stress provoked during adriamycin induced nephrotoxicity. 5) Lipids, proteins and DNA are the important targets of ROS/RNS and their oxidative products are known to exert diverse biological effects. This is more apparent from enhanced MDA, 8-OHdG and protein carbonyls; indicative of lipid peroxidation, DNA damage and protein oxidation in the CsA treated groups. Moreover, CsA has been reported to increase MDA, a stable product of lipid hydroperoxide, in isolated hepatic microsomes, which constitutes the major metabolic site for CsA, 36) which well corroborates with our pres- ent observation. In humans, the number of oxidative hits to DNA is approximately 10000/cell/d. The target of ROS attack could be either the sugar or the base components of the DNA molecule, which lead to fragmentation of the sugar or to loss of a base, causing strand breaks. The most common base modification induced by ROS is 8-OHdG that can cause GC to TA transversions resulting in replication errors and a mutant phenotype. 37) Oxidation of protein molecules is also a common picture seen during ROS/RNS elevation, resulting in the introduction of carbonyl groups and the depletion of thiol groups. Depletion of cellular thiols in CsA treated rats indicates excessive free radical production, and certainly the intracellular thiols are recognized to be essential in determining the extent of cellular damage induced by immunosuppressive agents. 38) Sulphated polysaccharides proved its antioxidant effect by significantly preventing the oxidation of lipids, DNA and protein. In the present study, we found that sulphated polysaccharides administration considerably decreased protein carbonyl formation and restored the status of protein thiols, which might probably be due to its effect of replenishing glutathione level. Sulphated polysaccharides treatment also minimized the lipid and DNA damage. It has been documented that LDL oxidation were considerably prevented in the presence of sulphated polysaccharides, by minimizing the production of thiobarbituric acid reactive substances, an indicative of lipid peroxidation. 39) Further, the absence of oxidative damage in the structural components (PUFA) of seaweeds and their stability to oxidation during storage suggests that their cells have protective antioxidative defense systems. 40) There is also evidence showing that the ethanolic and aqueous extracts of the Sargassum species, significantly prevented acetaminophen induced lipid peroxidation, and was further concluded that the protective effect might due to their free radical scavenging property. 41) The above reports substantiate our observation in the present study to a considerable extent.
CsA may also exert its cytotoxic effects by altering the activity of different plasma membrane transport systems. Enhanced damages on the membrane are well evident from altered ATPases activity in the renal tissue of CsA administered groups. CsA induced peroxidation of membrane lipids was coupled with significant inhibition of membrane ATPases. Maintenance of membrane fluidity within narrow limits is a prerequisite for proper functioning of the cells and ATPases play a key role in this connection. It has been suggested that a potential mechanism for CsA-induced hyperkalemia and nephrotoxicity may be related to the tubular structural damage, which might results from the inhibition of tubular Na ϩ , K ϩ -ATPase activity. 42) From the above data, it is found that sulphated polysaccharides substantially limited the degree of oxidation of membrane lipids and proteins. This underlying mechanism can be attributed to its effect of improving the membrane ATPase activities, thereby maintaining the membrane integrity.
To sum up, sulphated polysaccharides can skillfully minimize the oxidative and nitrosative stress and thereby the cellular macromolecular damages induced during CsA treatment. To the best of our knowledge, this is the first report showing that sulphated polysaccharides from Sargassum wightii showed considerable protective effect against nitrosative stress associated with CsA-induced nephrotoxicity.
